Abstract
Introduction
Patient falls are currently the most frequently reported adverse event in healthcare facilities. They constitute a serious problem for patients as well as healthcare staff and management. Preventing falls should be a priority in provision of safe care. Although the risk of falls cannot be eliminated, it may be reduced considerably by introducing effective fall prevention programs, of which a key component is identification of persons at risk for falls (Oliver et al., 1997; Close et al., 1999) . In most healthcare providers, fall risk assessment is an integral part of initial nursing evaluation (Marx, 2005) . Fall risk assessment tools are scales evaluating various fall risk factors, with individual items being assigned points that are summed up to achieve the final score which measures the likelihood that the patient will sustain a fall (Morse, 2009) . The causes of falls are multifactorial and fall risks rise with an increasing number of fall risk factors present (Tinetti, Williams, Mayewski, 1986) . The tool to be used must correspond with the setting and specific client population (Morse, 2009) . Tests of the predictive validity of fall risk assessment tools determine whether a particular tool fulfils its purpose and is able to clearly distinguish individuals at risk for falls from those not at risk (Oliver, Healey, Haines, 2010) . Validity is a key parameter of a psychometric instrument, expressing the extent to which the tool measures what is intended (Gurková, 2011) . In case of a fall risk assessment tool, validity measures whether or not it is able to identify the risk of falls in adult inpatients and classify patients as having a fall risk if they actually are at risk of falling (Jedlinská, Holmerová, 2012) . To evaluate the validity of tools included in this review, the terms sensitivity, specificity, positive and negative predictive values of fall risk assessment tools were used as defined in a pilot study evaluating the validity of screening scales for fall risk assessment (Jedlinská, Holmerová, 2012) . Sensitivity of a fall risk assessment tool is defined as the ratio of fallen individuals to those identified as being at risk by the scale; specificity is the proportion of persons without a history of falls having negative test results. Positive predictive value (PPV) is defined as the likelihood that an individual with a positive result would sustain a fall; negative predictive value (NPV) as the likelihood that a negative result rules out a fall. The higher the sensitivity and specificity, the more effective the test is (Zvárová, 1998) . According to Oliver et al. (2004) , a tool should ideally have 70% sensitivity and 70% specificity to be of high predictive value; too high sensitivity is achieved at the expense of low specificity and vice versa. Another parameter of validity of a tool is the area under the ROC (receiver operating characteristic) curve that measures the accuracy of the test. The values range from 0.5 to 1, with those lower than 0.5 being insufficient, suggesting that the results are close to random. The higher the area under the ROC curve, the more effective the test is (Balla et al., 2004) . Also used for objective evaluation of a tool's effectiveness is the Youden Index calculated by subtracting 1 from the sum of sensitivity and specificity (Youden, 1950) . The values range from 0 to 1, with those close to 1 suggesting higher validity of the tool. Results close or equal to 0 indicate that its accuracy is equal to a random guess. The index is a criterion for selecting the optimum cut-off point (Schisterman et al., 2005) which is also crucial for evaluating the effectiveness of a particular assessment tool.
Aim
The literature review aimed at determining the validity of selected risk assessment tools for falls in hospitalized patients using sensitivity, specificity, PPV, NPV and area under the ROC curve in research studies carried out both in the Czech Republic and abroad.
Methods
Design A literature review.
Eligibility criteria
For the analysis, research studies evaluating the validity of risk assessment tools for falls in hospitalized adults receiving acute or long-term care and published in 2005-2015 were searched. The inclusion criteria were as follows: English or Czech language, full-text article, available results of evaluation of the validity of a fall risk assessment tool with at least four of the test characteristics (sensitivity, specificity, PPV and NPV) and a research study of adult patients staying in a healthcare facility. The levels of evidence were assessed according to Haynes' pyramid of information resources (Běhounek, Hora, Klečka, 2011) . Included in the review were studies of Haynes' pyramid levels of evidence of 2, 3, 4 and 5 (2 -evidence from a randomized controlled trial; 3 -evidence from a prospective, or cohort, study; 4 -evidence from a retrospective / case-control study; and 5 -evidence from a cross-sectional study). Excluded from the review was the highest level of evidence from secondary research studies (systematic reviews and meta-analyses) as these do not contain details of the analyzed studies.
Sources
The data resources were articles found by searching the electronic bibliographic databases EBSCO, CINAHL, Medline, ScienceDirect, Wiley Library Online, ProQuest and ScienceDirect.
Search
The relevant articles were searched using the key words assessment, risk, fall and validity and the Boolean operators OR and AND in February and March 2016. Excluded were articles that did not evaluate the validity of fall risk assessment tools or studies testing fall risk assessment tools in specific patient groups only (e.g. persons with Parkinson's disease or those after stroke) or children. Also excluded were all studies that did not evaluate the validity of fall risk assessment tools in persons staying in healthcare facilities. Yet other exclusion criteria were studies with lower quality of evidence than Haynes' pyramid of information resources level 5, systematic reviews and meta-analyses (Běhounek, Hora, Klečka, 2011) .
Study selection
In the international electronic databases, a total of 49 relevant documents were identified based on the above search strategy and pre-defined criteria. Those were sorted according to the inclusion and exclusion criteria.
Data analysis
For the retrieved studies, the sensitivity, specificity, PPV, NPV, area under the ROC curve and cut-off of assessment tools and fall incidence rates were analyzed. Of the 49 relevant records, twelve studies met all the criteria and were included in the review (Figure 1 ).
Results
Recently, numerous research studies on fall risk assessment tools have been published worldwide. Based on the inclusion criteria, twelve studies measuring their validity were found. These retrieved studies (Table 2) were analyzed and data on their validity were identified ( Table 1 ). The most common fall risk assessment tool was the Morse Fall Scale (MFS) tested in 8 studies, including one in which the scale was adapted for use in the South Korean healthcare system (Sung et al., 2014) Overall, elevent tools for assessing fall risk in patients were validated in those twelve studies. The tools were most frequently validated in internal medicine departments (11 studies), followed by surgery departments (8 studies), oncology departments (3 studies), rehabilitation departments (2 studies), longterm, palliative and intensive care department and neurology department (1 study each). A Portuguese study (Caldevilla et al., 2013) did not specify the department at which the study was performed and only mentioned inpatients in acute care hospitals. The numbers of respondents varied among the studies. In two studies, the numbers of patients included were not reported as the authors only stated the numbers of falls recorded (Schwendimann, De Geest, Milisen, 2006; da Costa-Dias, Martins, Araújo, 2014) . The samples ranged in size from 122 patients (Jedlinská, Holmerová, 2012) to 5,489 patients (Kim et al., 2007) . Similarly, the studies varied in their duration, with the shortest study taking 5 weeks to complete (Barker et al., 2011) and the longest study validating tools for two and a half years (Caldevilla et al., 2013) ; the duration was not specified for one study (Vassallo et al., 2005) . The respondents' mean age ranged from 45 years (Baek et al., 2013) to 84 years (Vassallo et al., 2005) ; in only one study (Chapman, Bachand, Hyrkäs, 2011) , no respondents' mean age was stated. The incidence of falls reported in the studies ranged from 21 falls (Jedlinská, Holmerová, 2012) to 386 falls (Schwendimann, De Geest, Milisen, 2006) . The incidence of falls depended on the number of respondents, study duration and type of department at which the study was carried out. Validity assessment was mainly influenced by when a patient was identified as being at risk for falls by the tool, that is, when a patient achieved the lowest number of points needed for inclusion in a fall risk category, irrespective of the defined level of that risk (low, medium or high) (Jedlinská, Holmerová, 2012) . Therefore, another parameters analyzed in this review was the cut-off score, or the number of points For the MFS, the study authors agreed on the lowest cut-off score for the defined risk of falls (25 points) but failed to agree in the optimal cut-off score. The optimal cut-off scores for the MFS with the highest validity ranged from 40 points (Kim et al., 2007) , with a sensitivity of 68% and specificity of 76%, to 55 points (Schwendimann, De Geest, Milisen, 2006) , with a sensitivity and specificity of 74.5% and 65.8%, respectively. DaCosta-Dias et al. (2014) reported the optimal cut-off score of 45 points, with a specificity of 78% and sensitivity of 52%. The largest differences in cut-off scores were noted for the STRATIFY, with the cut-off scores ranging from 2 points (Vassallo et al., 2005; Kim et al., 2007) to 5 points (Barker et al., 2011) . In the modified TNH-STRATIFY, the cut-off for fall risk was as high as 11 points (Barker et al., 2011) . Four of the studies also analyzed the area under the ROC curve showing the relationship between test specificity and sensitivity. In case of the MFS, the area under the ROC curve ranged from 0.527 for 25 points (Schwendimann, De Geest, Milisen, 2006) to 0.800 (Kim et al., 2007) for the optimal cut-off of 40 points. For the Hendrich II model, the area under the ROC curve ranged from 0.333 (Lovallo et al., 2010) to 0.730 (Kim et al., 2007 (Baek et al., 2013) . Of all the analyzed research studies, eight were concerned with validity of the fall risk assessment tool Morse Fall Scale; those were mostly carried out in clinical departments providing acute internal medicine and surgical care. The studies focused on various parameters of validity of the tool. Its sensitivity ranged from 36.9% (Nassar, Helou, Madi, 2013) to 95% (da Costa-Dias, Martins, Araújo, 2014), specificity from 2% (Jedlinská, Holmerová, 2012) to 91% (Baek et al., 2013) , PPV from 98.8% (Chapman, Bachand, Hyrkäs, 2011 ) to 1.9% (Kim et al., 2007) and NPV from 99.7% (Kim et al., 2007) to 9.9% (Chapman, Bachand, Hyrkäs, 2011) . The area under the ROC curve was reported by only three studies, ranging from 0.527% (Schwendimann, De Geest, Milisen, 2006) to 0.800% (Kim et al., 2007) . Table 1 summarizes data from five studies on validity of the fall risk assessment tool Hendrich II. All the studies validating the Hendrich II agreed on a cut-off score of 5 points. Sensitivity ranged from 33.33% (Lovallo et al., 2010) to 64.9% (Chapman, Bachand, Hyrkäs, 2011) and specificity from 35% (Caldevilla et al., 2013) to 89.3% (Nassar, Helou, Madi, 2013) . Both PPV and NPV varied considerably across the studies, ranging from 2% (Kim et al., 2007; Lovallo et al., 2010) to 98.1% (Chapman, Bachand, Hyrkäs, 2011) and from 7.5% (Chapman, Bachand, Hyrkäs, 2011) to 99.5% (Kim et al., 2007) , respectively. The STRATIFY tool was validated by three studies included in this review. The cut-off score ranged from 2 to 5 points. Sensitivity and specificity values ranged from 25% (Kim et al., 2007) to 68.2% (Vassallo et al., 2005) and from 66.4% (Vassallo et al., 2005) to 93% (Barker et al., 2011) , respectively. Neither PPV nor NPV varied considerably across the studies, ranging from 2.4% (Kim et al., 2007) to 32% (Barker et al., 2011) and from 91.5% (Vassallo et al., 2005) to 99.3% (Kim et al., 2007) , respectively. The area under the ROC curve, reported in only one study, was 0.71 for a cut-off score of 2 points (Kim et al., 2007) .
Moreover, data on eight other fall risk assessment tools were obtained from the analyzed studies (MMC, NY, Conley Scale, Jurásková's scale, STRP, Downton Fall Risk Tool, Tullamore Tool and Tinetti Fall Risk Index). Their sensitivity ranged from 46.67% for the Conley Scale (Lovallo et al., 2010) to 100% for Jurásková's scale and STRP (Jedlinská, Holmerová, 2012) . The two latter scales also had the lowest specificity values, namely 2% (STRP) and 7% (Jurásková's scale) (Jedlinská, Holmerová, 2012) . The area under the ROC curve was only reported for the Conley Scale, with much better value being found when the scale was validated in surgery departments (0.812) as compared to internal medicine departments (0.577) (Lovallo et al., 2010) .
Discussion
Despite the fact that there are numerous assessment tools have been developed to identify patients at risk for falls (Perell et al., 2001) , their use in general practice is rather limited as only few of them have been tested in settings other than those for which they were created (Myers, 2003; Oliver et al., 2004) .
In the research studies that met the criteria for inclusion in this review, a total of 11 fall risk assessment tools were tested in the setting of acute and subsequent healthcare. Most attention was focused on the most frequently used assessment tools, the Morse Fall Scale (MFS), Hendrich II and STRATIFY. The MFS and STRATIFY were scientifically developed as part of nursing research and prospectively tested in various healthcare settings (Morse et al., 1989; Oliver et al., 1997; Myers, 2003; Oliver, 2004; . The Hendrich tool was developed in acute care departments with a varied patient population (Hendrich, Bender, Nyhuis, 2003) . The studies analyzed in this review validated version II of the Hendrich tool. Of the three tools, the MFS was most frequently validated by the analyzed studies; the scale was tested in various healthcare facilities and patient samples. The MFS was developed by Janice M. Morse after 10-year detailed research of risk factors associated with falls. Given numerous studies investigating the MFS and its validity that have been published, it seems to be one of the tools most commonly used to assess the risk of falls in both acute (Schwendimann, De Geest, Milisen, 2006) and long-term inpatients. According to the author, it may also be used to assess the risk of falls in persons staying in nursing and social care residential facilities (Morse et al., 1989) . The analysis of selected research studies shows that the MFS was mainly tested in internal medicine, surgery and oncology departments. The tool assesses the following six risk factors: history of falling, secondary diagnosis, ambulatory aids, intravenous therapy, gait and mental status of the patient. A large majority of users claim it is a quick and easy-to-use method estimated to take less three minutes to rate a patient (Morse, 2009 ). According to J. Morse, patients are at a low risk of falls when they reach only 25 points (Morse, 2009) . Most of the authors, however, agree that an optimal range of 40-55 points is associated with a higher validity of the tool (Schwendimann, De Geest, Milisen, 2006; Baek et al., 2013; Nassar, Helou, Madi, 2013; da Costa-Dias, Martins, Araújo, 2014; . The MFS showed higher sensitivity but, frequently, also lower specificity. It means that only a small proportion of patients identified as being at risk of falling did sustain falls. The MFS mostly showed low positive predictive value and higher negative predictive value, that is, a higher probability that many patients were identified as false-positive for falls. The sensitivity of the MFS varied considerably in the studies analyzed (Jedlinská, Holmerová, 2012; Baek et al., 2013) . Moreover, Chapman, Bachand and Hyrkäs (2011) reported PPV and NPV rather different from the values found by the other authors. Another frequently validated fall risk assessment tool was the Hendrich II Fall Risk Model. According to its authors the tool may be used in both acute and long-term care settings. A high risk of falls is identified if 5 or more points are achieved. The risk factors also include the use of antiepileptic drugs and benzodiazepines. It takes approximately 10 minutes to complete. All authors validating the Hendrich II tool agreed on a cut-off score of 5 points (Kim et al., 2007; Lovallo et al., 2010; Chapman, Bachand, Hyrkäs, 2011; Caldevilla et al., 2013; Nassar, Helou, Madi, 2013) . The tool showed lower sensitivity and higher specificity values, as well as very low PPV and very high NPV. Chapman, Bachand and Hyrkäs (2011) reported completely different results, possibly due to the study design. The third most frequently validated tool was the STRATIFY, assessing the risk of falls in five domains (recent history of fall, agitation or confusion, visual impairment, especially frequent toileting, limited transfer and mobility). In case of a positive answer, that is, the presence of a risk, each item is scored one point; thus, the highest score of 5 points may be achieved (Oliver et al., 1997) . The tool was developed and validated in the United Kingdom in the 1990s. It is intended for use in hospitals and requires approximately one minute for completion (Oliver et al., 1997; Coker, Oliver, 2003; Papaioannou et al., 2004) . The cut-off score determining the risk of falls ranges from 2 to 5 points, or 11 points in case of the modified TNH-STRATIFY. A systematic review by Scott et al. (2007) reported higher sensitivity and specificity values in STRATIFY for a cut-off score of 9 points, suggesting that the tool was considerably modified. Systematic reviews also reported various cut-off scores exceeding 5 points, as was the case of the original version from the 1990s (Oliver et al., 1997) . Systematic reviews showed clear associations with YI values and sample sizes -the smaller the sample, the worse and the lower the YI value. Similarly, the YI values were affected by the study design, with retrospective studies showing better YI values than prospective studies. Interestingly, Haines et al. (2007) found that the validity of the STRATIFY and MFS was identical to that of healthcare workers' clinical judgment.
In their systematic review, Aranda-Gallardo et al. (2013) defined validity of the three fall risk assessment tools using the so-called odds ratio (OR), that is, the ratio of the odds of sustaining a fall in test positives relative to the odds of sustaining a fall in test negatives (Glas et al., 2003) . The highest OR was observed for the STRATIFY (OR = 7.640), as compared with the MFS (OR = 5.068) and Hendrich II (OR = 3.362). For statistical analysis of validations in the above systematic review, studies with a low mean age of patients had to be excluded (Kim et al., 2007; Barker et al., 2011) ; after the exclusion, the validity of the tools improved. The inconsistent results reported by the systematic review authors may be explained by the fact that the validation was carried out in a population different from that for which the tool was developed (Aranda-Gallardo et al., 2013) . The predictive validity of a test may also be effectively expressed using the area under the ROC curve. This important parameter of accuracy of assessment tools was used by authors of only six studies included in this literature review. Moreover, the values reported were rather low, with most of them being close to the lower limit of 0.5 meaning that the test may still be considered valid. The best value was found for the MFS in only one study (Kim et al., 2007) , with the area under the ROC curve approaching 1, being 0.8 with an optimal cut-off score of 40 points. A similar value of 0.812 was observed for the Conley Scale (Lovallo et al., 2010) in surgery departments. According to Perell et al. (2001) , a test has a high predictive validity if its sensitivity and specificity exceed 80% and 75%, respectively. As already mentioned, Oliver et al. Papaioannou et al. (2004) , the features of a good fall risk assessment tool include good predictive validity, feasibility and reproducibility. An optimal fall risk assessment tool should be easy and rapid to use and simple to interpret to eliminate the risk of misunderstanding and misinterpretation of individual items and to achieve as few false-positive results as possible. High levels of false positivity lead to unnecessary interventions performed by healthcare workers; preventive measures become routine, making no difference to the final effect. As a result, attention is not paid to patients that actually are at risk. An adequate tool should be selected based on previous validation in a similar group of patients for which it will be used at an optimal time and with a threshold defining the risk of falls and thus the need for fall prevention interventions (Kim et al., 2007) .
Conclusion
There is no single universal fall risk assessment tool for all care providers or all patient populations. According to Perell et al. (2001) , the criteria for selecting a fall risk assessment tool include similarity of patient population to ones in which the tool was tested, procedures explicitly outlining its appropriate use, reasonable time needed to administer it and established thresholds identifying when to initiate interventions. Fall risk assessment tools with unknown validity and reliability should not be used in practice (Barker et al., 2011) . One of the most frequently used tools for assessing the risk of falls in hospital patients receiving acute and long-term is the Morse Fall Scale. Yet there is no currently available tool that is clearly intended for preventing falls in acute and long-term care settings and that explicitly shows high validity results. Generally, authors (Papaioannou et al., 2004; Kim et al., 2007) agree that an optimal fall risk assessment tool has to be simple, rapid, unambiguous to interpret and always validated for a particular socio-cultural setting and patient population before it is used in practice. The design of a research study validating a tool should be similar, with a sufficiently large population tested and sufficient duration. The present review of selected fall risk assessment tools showed rather varied results possibly due to the above differences. Diagnosing individuals at risk for falls is a key intervention among those multifactorial ones that need to be performed to prevent falls.
Limitations of study
Included in the study were only articles documenting results in Czech and English languages and full texts of articles published in available electronic bibliographic databases.
